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1.0 INTRODUCTION 


Wet slug tantalum capacitor failures were experienced in the Apollo 
Telescape Mount (ATM) during system tests. The NASA Marshall Space Flight 
Center (MSFC) organized a team in late 1972 to investigate these failures 
and invited representatives of both the Viking Project Office (VPO) and the 
Martin Marietta Corporation (MMC) to participate,, Both the VPO and MMC had 
expressed several concerns over these wet slug failures since the ATM 
application was similar to Viking applications. These concerns were: 

A. What are the effects on the electrical performance characteristics 
of wet slug tantalum capacitors when they are subjected to ripple 
current over an extended period of time? 

B. What are the characteristics of internal silver migration as 

a function of ripple current application for an extended period 
of time? and, 

C. Does a "memory" effect exist in wet slug tantalum capacitors, i.e., 
will a wet slug fail in the "short" mode if it is subjected to a 
voltage stress (dc) far below its rated value for an extended 
period of time and then subjected to a voltage stress at or near 
its rated value? 

Because very limited factual application data, considerable opinion 
and much speculation exists in the Aerospace Industry regarding proper 
application of wet slug tantalum capacitors and the fact that the Viking 
Lander employs wet slugs in 118 different applications, 77 of which involve 


1 This investigation is summarized in IBM Report No. 73W-00050 , dated 3 Jan. 1973 



some level of ripple current, the VPO and MMC decided to initiate a test 
program.. The test program was designed to provide conclusive answers for 
the three concerns identified above and was performed jointly by the Flight 
Instrumentation Division (FID) of Langley Research Center (LRC) and MMC. 

1.1 Purpose and Scope 

The purpose of this report is to describe the approach taken and the 
resultant findings of the MMC portion of the Wet Slug Capacitor Test 
Program. The following objectives were established in order to adequately 
scope the effect of ripple current and low/high dc voltage stress in Viking 
applications: 

A. Subject selected Viking wet slug tantalum capacitors (MIL-C-39006, 
CLR 65 style manufactured by General Electric) to dc voltage, 
ripple current and environmental stresses which closely dupli- 
cate actual Viking Lander applications and critically evaluate 
their electrical performance; 

B. Perform an internal analysis of several test specimen capacitors 
selected at random from those used in (A) above to investigate 
the silver migration phenomena; 

C. Determine if the so called "memory effect" exists in wet slug 
tantalum capacitors; 

D. Expand the wet slug tantalum capacitor test program to include 
selected MIL-C-39006, CLR 25, wet foil capacitors since these 
were replacement candidates for the wet slug should the wet 
slug test program yield negative results. Also, wet foil capa- 
citors are currently being used in a few ripple current applica- 
tions in the Lander. 
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1.2 Summary 

The application of tantalum capacitors in the Viking Lander in- 
cludes both dc voltage and ripple current electrical stress, high tempera- 
ture during non-operating times (sterilization), and high vibration and 
shock loads. The capacitors must survive these severe environments without 
any degradation if reliable performance is to be achieved. 

A test program was established to evaluate both wet slug tantalum 
and wet foil capacitors under conditions accurately duplicating actual 
Viking applications. Included in the test program was a special test to 
determine if wet slug tantalum caps did exhibit a memory effect. The 
ripple test program was performed in two phases. The first phase, the re- 
sults of which are reported herein, involved subjecting capacitors to 
electrical and environmental stresses of the same levels and durations as 
typical Viking applications. 

The second phase of the test program (The results of which will be re- 
ported in Volume II) is the search for indications of silver migration in 
the wet slug caps. Included will be the effects of that migration on the 
electrical characteristics and performance of the capacitors. 

No degradation of wet slug tantalum capacitors was detected due to 
ripple current. The electrical performance and silver migration data 
developed by MMC indicate that all current Viking applications are within 
the capability of this type of part. Supplemental test data developed 
by the LRC FID corroborates these findings. 

The wet slug tantalum capacitors did exhibit excessive current leakage 
after exposure to vibration. The cause of this current leakage was traced 
, to movement of the tantalum slug within the silver case. A modification 
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consisting of a second crimp near the bottom of the capacitor’s case was 
developed by MMC and General Electric. This second crimp forces the spider 
to hold the slug much more tightly than in conventional capacitors and 
thereby prevents the slug from moving during vibration. This modification 
is not expected to alter a capacitor's ability to withstand ripple current; 
however, additional testing (requalification) is underway to ensure that 
there is no effect due to the double crimp. 

No indication that a memory effect exists in wet slug tantalum 
capacitors was detected. Exposure of test specimens to a dc voltage stress 
equal to 13.4% of rated voltage for 1000 hours and then abruptly subjecting 
the test specimens to rated voltage stress did not induce any anomolous 
indications. 

No degradation of wet foil capacitors was detected after exposure to 
voltage, ripple current and environmental stresses which were identical to 
the stresses to which the wet slug tantalum capacitors were subjected. 

2.0 RIPPLE CURRENT TEST PROGRAM 

Figure 2.1 presents an overview of the ripple current test program. 

2 

Details of this plan are defined in MMC document CAP-73-1, entitled 
"Evaluation Plan The test program evolved after MMC and the VPO 

had reached agreement on the following factors: 

A. Frequency and waveshapes of AC ripple current; 

B. DC voltage stress levels; 

C. Mission operating times; 


2 CAP-73-1, Revision D, "Evaluation Plan - Capacitor Evaluation of Wet 

Sintered Slug Capacitors," with Appendix A, dated 1/26/73, Martin Marietta 
Corporation 


4 




on 

LU 

1 

o 


oc 

c 










on 






Nl 


X 

< 






X 


X 






§ 








CVI 

1 


CO 






o 



QC 

LU 


B 


B 

r—4 


2 

o 






LU 


Q 

O 

> 

o 


o 

> 


X 

CL 

O 

♦ 

Q_ 

O 

♦ 

CL 

o 

LU 

* 

< 

OC 

X 


X 


X 

X 

o 

oo 

i 


t 


1 

on 

E 

i— 

o 


O 


CD 

o 
o 
l r\ 

o 

LOk 

CVI 

H— 

X 

LU 

CVI 

F— 

X 

LU 

CVI 

h— 

X 

LU 

CVJ 

r— H 

OC 

1— 1 

OC 

f— 4 

on 

oc 

on 

@) 

oc 

©> 

DC 

<§> 

LU 

oc 

LU 

X 

c 

ZD 

CD 

< 

ZD 

CD 

x 

C 

X 

c 

X 

CD 

X 

< 

o 

on 

LU 

1 

CL 

o 

on 

LU 

_U 

CL 

O 

GO 

<NJ 

1 

LU 

I 

CL 

CVJ 

i 

i— 

CL 

h~ 

Q_ 

1 — 

X 

Q_ 

X 

C 


< 


< 

o 


o 

LU 

DC 

LU 

OC 

LU 


OC 


X 

X 

X 

H- 

i— 

DC 

OC 

oc 

OC 

oc 

c 

oc 

< 

X 

X 

oc 

X 

oc 

X 

O 

8 

X 

o 

o 

o 

X 

o 

CO 

§ 

CO 

VO 

1—^ 

VO 

CM 

VO 

> 

1"- 



oc 

ZD 

on 

< 

LU 


Q 

QC 

O X 
o uj 
a uj 
oc ^ 

on uj 
oc co 

LU 

f — OC 

sB 


QC 


CD 


, < 
<C ^ 

^g 

a ce 
Ci2 


5 


EACH STRESS § AMBIENT CONDITIONS 

v CAPACITANCE 
DC LEAKAGE CURRENT 
DISSIPATION FACTOR 




D. The types and levels of environmental stresses; 

E. Test fixtures which duplicate as closely as possible the Viking 
electrical circuit, packaging and environmental characteristics ; 

F. The availability of adequate sample sizes of capacitors designated 
for flight usage; 

G. The method of electrical parameter measurement and the number of 
times they would be measured; 

H. The techniques to be used when dissecting test specimens and the 
quantity. 

Figure 2.2 shows how the capacitors were mounted on aluminum plates 
(test sinks) to facilitate environmental and electrical testing. The capa- 
citors were rigidly attached to the plates with epoxy and their axial leads 
were soldered to standoff terminals. The soldering and epoxy materials and 
processes were identical to those used in flight hardware. The plates with 
the capacitors attached, were designed to exhibit a transmissibility of one 
to ensure that vibration levels were not amplified. 

Special waveform generators were designed and built to produce the 
ripple current waveforms and frequencies. A typical test setup which 
includes ripple current generators, DC power supplies, interface boxes and 
test sinks is shown in Figure 2.3 
2.1 Test Anomalies and Changes 

After the initial 50G sinewave vibration tests, a problem identified 
as out -of -spec forward DC leakage current was detected in 42 wet slug capa- 
citors. Subsequent investigation isolated the cause to physical movement 
of the slug and verified that the problem was not ripple current related. 
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Capacitor Mounting Technique 











The test sequence was continued with a minor change in order to obtain 
additional information on the healing characteristics of the out -of -spec 
capacitors. This change included additional electrical measurements at 
the 20 and 150 hour points during the 700 hour portion of the ripple 
current test to identify capacitor recovery characteristics. Also, the 
original program was modified to accumulate up to 1500 hours of ripple 
current on selected capacitors. 

2.2 Test Data and Analysis 

Capacitance, DC leakage current and Dissipation Factor (DF) were 
measured and recorded for each capacitor in the test program per Figure 
2.1. The data for each capacitor, including a derived Equivalent Series 
Resistance (ESR), are tabulated in Tables 2.2 thru 2.13. The ESR was 
computed using the equation: 

ESR f DF 
2 7T FC 

where, DF = Dissipation Factor 

F = 120 cycles (measurement frequency) 

C - capacitance, mfd. 

Table 2.1 relates the data for each group of capacitor dash numbers and 
case sizes to a particular detail data Table (Tables 2.2 thru 2.13). 

Before performing an analysis of the measurement data taken during 
this test program, it was determined that: 

1. The product of ripple current amplitude and operating time 
is the measure of stress seen by a capacitor. 

2. The worst case stress levels to be seen by capacitors in the 
Viking Lander by case size are: 
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Capacitor 

Type 

Case Size 

Cap 

Value 


Ripple 

Current* 

(RMS) 

Ripple 

Freq 

Temp 

Total 

Ripple 

Application 

Detail 

Data 

Are Shown 
in 

Table: * 

wMSll 

nn 

(Amps) 

1 

H9 

HM 

Wet Slug 
(-010) 

GT-3 

68 

68 

40/60 

40/60 

.150/. 400 
.150/. 400 

10 

10 

+70°C 

+70°C 

1000 

1500 

2.2 

2.3 

68 

68** 

. 1 ; 

■ 

.300/. 400 
.300/. 400 

10 

10 


1000 

1000 

2.4 

2.5 

Wet Slug 
(-007) 
GT-3 

82 

10/50 

.170/. 400 

10 

+70°C 

1500 

2.6 

82 

10/50 

.270/. 400 

10 

+70°C 

1000 

2.7 

Wet Slug 
(-024) 
GT-3 

56 

40/75 

.250/. 400 

20 

-37°C 

1000 

2.8 

56 

40/75 

.350/. 400 

20 

-37°C 

1500 

2.9 

Wet Slug 

39 

40/60 

.100/. 250 

72 

+ 70°C 

1500 

2.10 

Wet Foil 
G5 

580 

10/15 

1. 5/3.2 

5 

+80°C 

1000 

2.11 

Wet Foil 
G3 

200 

6/15 

0.425/3.5 

50 

+70°C 

1000 

2.12 

Wet Foil 
G4 

100 

35/50 

0.425/3.5 

i 

72 

+70°C 

1000 

2.13 


* Test/Mfgr Rated Value 

** Capacitors Previously Subjected to 2000 Hrs DC Bias Life Test 


TABLE 2.1 INDEX OF TABULATED ELECTRICAL PARAMETERS - 
RIPPLE TEST PROGRAM 
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Table 2 . 2 - Test Data, -010 Wet Slug Capacitors Operated at 
37. 5% of Rated Ripple Current for 1000 Hours 
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I RIPPLE CURRENT APPLICATIC 

N 

DC BIAS 

TEST/RATED 

(VOLTS) 

RIPPLE 
CURRENT 
TEST/RATED 
(AMPS -RMS) 

RIPPLE 

FREQ 

(KHZ) 

OPER 

TEMP 

(°c) 

, MZSQ 

.IS/. 40 

10 

m. 


Table 2. 3 - Test Data, -010 Wet Slug Capacitors Operated at 
37. 5 % of Rated Ripple Current for 1500 Hours 
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NOTE 

F/A INDICATES CAPACITOR REMOVED FROM TEST 
SINK AND FORWARDED TO FAILURE ANALYSIS 
LAB FOR INTERNAL SILVER ANALYSIS AND/OR 
FAILURE CAUSE ANALYSIS 


RIPPLE CURRENT APPLICATK 

N 

DC BIAS 

TEST/RATED 

(VOLTS) 

RIPPLE 
CURRENT 
TEST/RATED 
{AMPS -RMS) 

RIPPLE 

FREQ 

(KHZ) 

OPER 

TEMP 

ro 

40/60 

.30/. 40 

10 1 

+70 


Table 2.4 - Test Data, -010 Wet Slug Capacitors Operated at 
75% of Rated Ripple Current for 1000 Hours 
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MfilE 


F/A INDICATES CAPACITOR REMOVED FROM TEST 
SINK AND FORWARDED TO FAILURE ANALYSIS 
LAB FOR INTERNAL SILVER ANALYSIS AND/OR 
FAILURE CAUSE ANALYSIS 


Table 2.5 - Test Data, -010 Wet Slug Capacitors with 2000 Hours 
of DC Life Test Time Operated at 75% of Rated 
Ripple Current for 1000 Hours 


1— . . RIPPLE CURRENT APPLI CAT 1 ( 

N 

DC BIAS 

TEST/RATED 

(VOLTS) 

RIPPLE 

CURRENT 

TEST/RATED 

(AMPS-RMS) 

Rl PPLE 
FREQ 

(KHZ) 

WW 

TEMP 

( # c) 

40/60 

.30/. 40 

10 

+70 


14 





















CAPACITANCE 


(SPEC: 82*jfd+5%) 


117 

81.9 uf 

80.0 uf 

81.4 uf , 

82,0 uf 81.8 uf 

82.0 uf 

81.9 uf 

82.1 uf 

82.1 uf 

82.1 

uf 

81.9 uf 

113 

82 .6 uf 

81.0 uf 

82.5 uf 

82.9 uf 82.7 uf 

82.7 uf 

82.7 uf 

82.9 uf 

82.9 uf 

82.8 

uf 

82.6 uf 

108 

80.9 uf 

83.0 uf 

81.5 uf 

81.6 uf 81.3 uf 

81.6 uf 

81.4 uf 

81.7 uf 

81.7 uf 

81.5 

Uf 

81.5 uf 

104 

82.6 uf 

81.0 uf 

82.4 uf 

82.7 uf 82.7 uf 

82.7 uf 

82.6 uf 

82.8 uf 

82.8 uf 

82.8 

uf 

82.8 uf 

101 

82.8 uf 

82.0 uf 

82.7 uf 

82.7 uf 82.7 uf 

82.9 uf 

82.8 uf 

83.0 uf 

82.9 uf 

83.0 

uf 

83.0 uf 

086 

81.0 uf 

82.0 uf 

81.4 uf 

81.3 uf 81.3 uf 

81.0 uf 

80.8 uf 

80.7 uf 

80.7 uf 

80.1 

uf 

80.0 uf 

085 

80.8 uf 

82.0 uf 

81.2 uf 

80.9 uf 80.9 uf 

80.8 uf 

80.6 uf 

80.9 uf 

80.8 uf 

80.7 

uf 

80.7 uf 

082 

81.0 uf 

81.0 uf 

81.2 uf 

81.0 uf 81.0 uf 

80.8 uf 

80.7 uf 

81.0 uf 

80.9 uf 

80.9 

uf 

80,9 uf 

079 

80.4 uf 

79.0 uf 

81.2 uf 

80.4 uf 80.4 uf 

80.5 uf 

80.4 uf 

80.7 uf 

80.6 uf 

80.5 

uf 

80.4 uf 

075 

81.8 uf 

82.0 uf 

81.9 uf 

82.0 uf 81.9 uf 

82.0 uf 

82.0 uf 

82.2 uf 

82.1 uf 

82.1 

uf 

82.1 uf 

072 

81.0 uf 

81.0 uf 

80.9 uf 

81,3 uf 81.0 uf 

81.4 uf 

81.2 uf 

81.4 uf 

81.4 uf 

81.4 

uf 

81.4 uf 

070 

81.4 uf 

81.0 uf 

81.4 uf 

81.7 uf 81.3 uf 

81.4 uf 

81.5 uf 

81.7 uf 

81.6 uf 

81.6 

uf 

81.5 uf 

064 

82.0 uf 

82.0 uf 

81.6 uf 

82.0 uf 82.0 uf 

81.9 uf 

81.9 uf 

82.1 uf 

82.1 uf 

82.1 

uf 

82.0 uf 

044 

80.8 uf 

80.0 uf 

80.3 uf 

80.6 uf 80.6 uf 

80.6 uf 

80.6 uf 

80.8 uf 

80.8 uf 

80.6 

uf 

F/A 

039 

82.5 uf 

82.0 uf 

82.3 uf 

82.7 uf 82.8 uf 

82.8 uf 

82.6 «f 

82.8 uf 

82,8 uf 

82.7 

uf 

82.7 uf 




IB 

15 na 

13 na 

5 na 

9 na 

17 na 


12 na 

14 na 

12 na 

5 .Ana 

8 na 

17 na 


11 na 

15 na 

11 na 

5 na 

8 na 

50 na 

m I 

11 na 

13 na 

11 na 

4.2na 

8 na 

• 14 na 


150 na 

8 . 4ua 

600 na 

220 na 

8 na 

2 ua 


10 na 

3 ua 

40 na 

S na 

7 na 

1 ua 

1.0 na 

9 na 

200 ua 

. 12 na 

6.2na 

6 na 

200na 

1.0 na 

9 na 

1.3ua 

9 na 

5 na 

6 na 

600na 

1.2 na 

9 na 

9 na 

8 na 

5 na 

5 na 

12 na 

1.0 na 

9 na 

8 na 

7 na 

4 na 

5 na 

11 na 

1.2 na 

8 na 

8 na 

7 na 

4 na 

5 na 

10 na 

1.2 na 

8 na 

1.4ua 

. 6ua 

50 na 

200ns 

1 ua 

1.0 na 

8 na 

4 ua 

7 na 

3.4na 

6 na 

12 na 

1.1 na 

8 na 

14 ua 

.7ua 

100 na 

1.3ua 

F/A 

1.0 na 

8 na 

7 na 

6 na 

3.4na 

5 na 

10 na 


681 

.582 

,664 

.808 

.662 

.646 

.648 

625 

.593 

.593 

.672 

.576 • 

.576 

.562 

603 

.601 

.668 

.844 

.682 

.650 

.618 

577 

.577 

.578 

.769 

.577 

.576 

.609 

962 

.960 

.737 

.879 

.704 

.686 

.687 

783 

.786 

.821 

1.019 

.854 

.927 

.912 

.705 

.607 

.675 

.820 

.689 

.673 

.657 

.655 

.607 

.657 

.819 

.672 

.554 

.656 

.660 

.609 

.660 

.822 

.675 

.625 

.660 

.599 

.598 

.598 

.790 

.614 

.597 

.581 

.688 

.652 

.670 

• .847 

.652 

.667 

.652 

.652 

.603 

.602 

.779 

.618 

.601 

.602 

.679 

.599 

.648 

.775 

.614 

.613 

.647 

.691 

.707 

.707 

.886 

.722 

.690 

F/A 

.593 

.593 

.594 

.769 

.609 

.593 

.577 


NOTE 

F/A INDICATES CAPACITOR REMOVED FROM TEST 

SINK AND FORWARDED TO FAILURE ANALYSIS 
LAB FOR INTERNAL SILVER ANALYSIS AND/OR 
FAILURE CAUSE ANALYSIS 


Table 2.6 - Test Data, -007 Wet Slug Capacitors Operated at 
42.5% of Rated Ripple Current for 1500 Hours 


L RIPPLE .CURRENT APPLICATIC 

N 

DC BIAS 

TEST/RATED 

(VOLTS) 

RIPPLE 

CURRENT 

TEST/RATED 

(AMPS-RMS) 

RIPPLE 

FREQ 

(KHZ) 

OPER 

TEMP 

rc> 

10/50 

.17/. 40 , 

10 

+70 
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NOTE 

F/A INDICATES CAPACITOR REMOVED FROM TEST 
SINK AND FORWARDED TO FAILURE ANALYSIS 
LAB FOR INTERNAL SILVER ANALYSIS AND/OR 
FAILURE CAUSE ANALYSIS 


Table 2.7 - Test Data, -007 Mfet Slug Capacitors Operated at 
67.5% of Rated Ripple Current for 1000 Hours 


I RIPPLE CURRENT APPLICABLE 

N 

DC BIAS 

test /rated 

(VOLTS) 

RIPPLE 

CURRENT 

TEST/RATEO 

(amps-rms) 

RIPPLE 

FREQ 

(KHZ) 

OPER 

TEMP 

(°c) 

10/50 

'.27 /.to) 

10 

+70 
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Table 2. 8 - Test Data, -024 Wet Slug Capacitors Operated at 
62. 5 % of Rated Ripple Current for 1000 Hours 
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CAPACITANCE 


(SPEC: 56yfd + 5%) 


56.1 uf s 55.6 uf 

56.0 uf '■ 55.6 uf 
56.3 uf i 55.6 uf 

56.1 uf 55.6 uf 
55.6 uf i 55.6 uf 


55.2 uf 54.6 i 

56.4 uf 55.6 i 

54.5 uf 54.6 i 

56.3 uf 54.6 i 
56.0 uf 54.6 i 

55.3 uf 55.6 i 

55.2 uf : 54.6 i 
55.9 uf ! 55.6 < 

56.3 uf : 54.8 i 
56.2 uf | 54.6 i 


55.1 uf 55.2 uf . 55.2 uf *55.2 i 

55.1 uf 55.2 uf 55.1 uf ! 55.1 i 

55.4 uf! 55.4 uf ‘ 55.4 uf 55.3 \ 

55.0 uf | 55.4 uf ;55.3 uf 55.3 i 


56.8 uf • 56.8 uf 56.2 uf "56.8 uf 57.0 i 
55.4 uf- 55.7 uf 55.6 uf <55.7 u f ; 55.7 a 


55.2 uf 55.4 uf 55.3 uf 5 55.4 uf i 55.5 a 
55.2 uf 55.2 uf 55.2 uf 55.1 uf ’ 55.2 i 


55.4 uf. 55.2 uf 55 
55.4 uf 55.2 uf 55 

53.2 uf! 53.3 uf 53 

55.2 uf 56.0 uf 55 
55.2 uf 56.0 uf 55 


55.3 uf 55.4 uf ! 55.4 uf ! 

55.4 uf '55.4 uf ! 55,5 uf j 

53.4 uf j 53.5 uf ' 53.4 uf 
55.8 uf >55.8 uf 56.0 uf j 

55.4 uf ; 55.4 uf 55.4 uf 


i 55.1 uf 55.4 uf 55.1 uf 155.1 uf 55,2 a 

; 56.1 uf 56.2 uf 56.2 uf 56.2 uf 56.3 a 

I 54.0 uf 54.4 uf 54.3 uf j54.4uf 54.5 a 
! 55.9 uf 56.1 uf 56.1 uf 56.2 uf 56.3 v 

! 55.7 uf 56.0 uf 55.8 uf 55.8 uf 56.0 a 


55.3 uf 55.0 uf 155.0 uf 55,1 \ 


55.6 uf 55.7 uf 55.8 uf -55.8 
55.6 uf 55.9 uf 56.2 uf 56.2 
55.6 uf, 55.9 uf j 55.9 uf 156.0 


55.8 uf 55.8 i 
56.2 uf ; 56.3 i 


55.3 uf 55.4 uf| 


55.4 uf 55.4 uf I 
55.3 uf 55.4 uf I 


55.2 uf 55.3 uf 

55.3 uf 55.4 uf 


55.4 uf 55.4 ufl 


54.5 uf j 54.5 uf 
56.2 uf ; 56,3 uf 
56.0 uf ! 56. 0 ui 


DC LEAKAGE CURRENT 


32 na 28 na 60 na 
28 na 25 na j 55 na 

28 na 24 na j 55 na 

28 na 24 na \ 55 na 

26 na 21 na I 55 na 


27 na [ 38 na 
26 na j 36 na 
26 na j 36 na 
26 na » 38 na 
24 na 34 na 


(SPEC: 2000 na) 
_o 

na * 10 amp 
ua « 10“^ amp 


24 na 32 na 
22 na 32 na 
24 na 30 na 
24 na 30 na 


20 na 26 na 
18 na 26 na 
20 na 26 na 
18 na 26 na 
20 na 28 na 


(SPEC: 1.5 Ohms) 


017 

.852 

1.174 

1.590 

1.149 

.625 

.601 

.695 

021 

.853 

1.174 

1.590 

1.149 

.602 

.602 

.697 

001 

.849 

1.174 

1.581 

1.145 

.622 

.599 

.700 

005 

.852 

1.174 

1.592 

1.145 

.575 

.599 

.695 

003 

.859 

1.174 

1.561 

1,125 

.613 

.590 

.683 

010 

.849 

1.174 

1.542 

1.167 

.583 

.700 

.675 

008 

.647 

1.174 

1.581 

1.139 

.572 

.595 

.619 

025 

.865 

1.174 

1.587 

1.139 

.642 

.592 

.688 

009 

.852 

1.174 

1.587 

1.145 

.599 

.622 

.621 

012 

.853 

1.174 

1.587 

1.149 

.601 

.626 

.625 

024 

.850 

1.174 

1.581 

1.149 

.623 

.622 

.622 

039 

.717 

1.196 

1,581 

1.149 

.622 

.622 

.621 

040 

.744 

1.196 

1.646 

1.190 

.621 

.644 

.646 

045 

.711- ; 

1.196 . j 

1.587 ! 

1.133 

.642 j 

j .618 1 

.639 i 

042 

.715 ; 

1.174 j 

1.587 ; 

1.133 - 

.646 j 

.622 | 

.670 

043 

.721 1 

1 1.196 ! 

1.590 | 

! 1.145 

.626 

: .626 

.673 

041 

.706 

; 1.174 

1.561 j 

i 1.129 

.613 

! .613 

.659 

036 

.730 

! 1,196 

1,622 

: 1.164 ; 

.611 

.634 

1 .681 

038 

.707 

1.196 

1.567 

! 1.131 

.638 

.613 

.659 

019 

,711 

; 1.196 

1.572 

1.133 

.594 

.618 

.663 

018 

.720 

1.174 

1 

1,595 

1.147 

! .599 

.623 

.646 

022 

.721 

1.196 

1.604 -j 

i 1.147 

.627 

.627 

.650 

021 

.712 

1.174 

t 1.575 

1.139 

.618 

.618 

.642 

026 

.707 

1.191 

1.575 

1,135 

.613 

.613 

. ,636 i 

013 

.708 

1.196 

1.575 

1.135 

.593 

.616 

.637 


.623 .622 
.621 : .621 
.644 .595 
.616 : .617 
.622 ; .670 


RIPPLE CURRENT APPLICATION 


DC BIAS 

RIPPLE 

umr 

wnr 

TEST/RATED 

CURRENT 

TEST/RATED 

FREQ 

TEMP 

(VOLTS) 

(AMPS -RMS) 

(KHZ) 

(°c) 

40/75 

.35/. 40 

20 

-37 


Table 2.9 - Test Data, -024 Wet Slug Capacitors Operated at 
87.5% of Rated Ripple Current for 1500 Hours 


18 






MIL 


F/A INDICATES CAPACITOR REMOVED FROM TEST 
SINK AND FORWARDED TO FAILURE ANALYSIS 
LAB FOR INTERNAL SILVER ANALYSIS AND/OR 
FAILURE CAUSE ANALYSIS 


Table 2. 10 - Test Data, -021 Wet Slug Capacitors Operated at 
40% of Rated Ripple Current for 1500 Hours 


1 RIPPLE CURRENT APPLICATM 

3N 

DC BIAS 

TEST/RATED 

(VOLTS) 

RIPPLE 
CURRENT 
TEST/RATED 
(AMPS -RMS) 

RIPPLE 

FREQ 

(KHZ) 

T3PTR 

TEMP 

(°c) 

40/60 

.10/. 25 

-■ 72 

70 
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Table 2. 11 - Test Data, Case Size G-5 Vtfet Foil Capacitors 

Operated at 47% of Rated Ripple Current for 1000 Hours 
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Operated at 12. 1% of Rated Ripple Current for 1000 Hours 
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Table 2.13 - Test Data, Case Size G-4 Wet Foil Capacitors 

Operated at 12. 1% of Rated Ripple Current for 1000 Hours 


22 






















Case Size 


Amp -Hours 


GT-1 60 

GT-2 705 

GT-3 1215 

3. Those wet slug tantalum capacitors whose DC leakage current 
went out -of -spec after vibration would not be included in the 
population used to assess performance in ripple current applica- 
tions. 

2.2.1 Wet Slug Tantalum Capacitors 

Three groups of case size GT-3 wet slug tantalum capacitors (Dash 
Nos.: -007, -010 and -024) were subjected to the ripple current test. 

Figure 2.4 is a family of curves which illustrate electrical performance 
trends versus part and design requirements for the GT-3 case size wet 
slug capacitors. Shown are ratios of measured parameter values to para- 
meter spec values for ESR, Capacitance and DC leakage current plotted as 
a function of stress (i.e., ripple current amp-hours). Important mile- 
stones in the test program such as the end of each 60 hour sterilization 
heat soak cycle and the end of 50 G sinewave vibration testing are identi- 
fied. All MMC measured data are presented as solid lines. Corroborating 
data from LRC FID are shown as dashed lines . 

The LRC FID data is based upon -007 MIL-SPEC equivalent wet slug 
tantalum capacitors that were subjected to ripple currents of twice their 
rated value. The LRC FID tests, which were at ripple current frequencies 
of 120 Hz, 1.2 KHz, 12 KHz and 120 KHz, were basically a life test since 
no other stresses were induced. Measurements were made at the 100, 300, 
500, 1000, 1500, 2000, 2500, and 3000 hour points during the tests. The 
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▲ POST 60 HR HEAT SOAK 

♦ POST 50G SINEWAVE VIBRATION ELECTRICAL PARAMETER( I , C, ESR) AVERAGES/SPEC VALUES 

DATA RECORDED IN MMC TEST 
CASE SIZE GT-3 CAPS 
DATA RECORDED IN FID TEST 
CASE SIZE GT-3 CAPS (M I L-SPEC) 

2X RATED RIPPLE TEST 



Figure 2.4 - Case Size GT-3 Wet Slug Tantalum Capacitor 
Performance Trends 
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high capacitance value ratio for the -007 MIL-SPEC equivalent wet slug 
tantalum capacitors tested by LRC FID is attributable to the fact that 
the MIL-SPEC equivalent parts are purchased to a ± 10% capacitance spec 
limit while Viking parts are purchased to a ± 5% capacitance spec. 

The data thru the 150 amp-hour accumulated ripple current stress 
point for the 25 case size GT-2, Dash No. 021, wet slug tantalum capaci- 
tors tested (see Table 2.10) show trends similar to the GT-3 case size 
capacitors. No case size GT-1 wet slug tantalum capacitors were in- 
cluded in the ripple current test program. 

Based upon the observed data trends and the similarity of construc- 
tion of all Viking wet slug tantalum capacitors, it is concluded that 
Viking ripple current applications do not degrade the electrical perfor- 
mance characteristics of wet slug tantalum capacitors. Further, no 
significant difference in the capacitors measured electrical values 
were noted as a function of test variables (i.e . , operating temperature, 
ripple frequency, ripple current magnitude and DC bias). 

2.2.2 Wet Foil Capacitors 

One group of each case size, G-3, G-4, and G-5, wet foil capacitors 
was subjected to the ripple current test. 

Figure 2.5 is a family of curves which illustrate electrical perfor- 
mance trends versus part and design requirements for the case size G-3 
and G-4 wet foil capacitors tested. Shown are ratios of measured para- 
meter values to parameter spec values for ESR, Capacitance and DC leakage 
current plotted as a function of stress (i.e., ripple current amp-hour). 
The end of each 60 hour sterilization heat soak cycle and the end of 50 G 
vibration are identified. The trends shown in Figure 2.5 indicate that 
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POST 60 HR HEAT SOAK 

POST 50G SINEWAVE VIBRATION 

CUM RIPPLE CURRENT X TIME (AMP-HR) 


ELECTRICAL PARAMETER( I . C . ESR) AVERAGES/SPEC VALUES 


DATA RECORDED IN MMC TEST 
CASE SIZE G3 £ Gii CAPACITORS 


Figu re 2. 5 - Case Size G-3 and G-4 Wet Foil Capacitor 
Performance Trends 









wet foil capacitor electrical parameters are not degraded in ripple 
current applications. 

Detail data on the case size "0-5 wet foil capacitors tested are 
presented in Table 2.11. The data for these capacitors is not as 
consistent as for the other capacitors tested. It has been concluded 
that : 

1. Erratic ESRs up to the 200 hour point of ripple current 
application were most likely caused by measurement or 
recording errors; and, 

2. The overall characteristics of the case size G-5 wet foil 
capacitors are in general accord with the case size G-3 and 
G-4 wet foil capacitors tested. 

3.0 SILVER MIGRATION EVALUATION 

Before the wet slug tantalum capacitor ripple current testing 
started, 21 wet slug capacitors were sent to the MMC Failure Analysis 
(FA) Laboratory for evaluation. These capacitors, selected at random 
from the same date codes as those capacitors mounted on the ripple 
current test sinks, formed the control sample against which ripple 
current test specimens would later be compared to determine if ripple 
current does induce silver migration. 

The FA Lab dissected the 21 capacitors and performed a visual 
examination of the anode and case to detect the presence of free silver 
(caused by silver migration). The visual examination was followed by a 
quantitative chemical analysis of the anode and electrolyte to determine 
silver concentration levels. 
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Following the completion of wet slug tantalum capacitor ripple 
current testing, forty-six (46) additional parts were selected from the 
ripple current test specimens. These 46 capacitors were also sent to the 
FA Lab for dissection, visual examination and chemical analysis. 

Detailed silver migration evaluation data is presented in Volume II 
of this report. 

4.0 MEMORY TEST PROGRAM 

The test program to determine if a memory phenomena does exist in 
wet slug tantalum capacitors consisted of: 

1. Subjecting 25 wet slug capacitors to a constant DC bias level 
of 8 VDC for 1000 hours at a temperature of +70°Cj followed by, 

2. The application of the capacitors' rated voltage and measurement 
of charge current. 

The test specimens were case size GT-1, 8.2 microfarad, 60 volt wet 
slug tantalum capacitors. Ten of the twenty -five were selected from a 
group of capacitors which had been previously subjected to a 2000 hour 
Life Test at a DC bias of 60 volts. The remaining fifteen were obtained 
from Viking flight inventory. 

In electrolytic capacitors, a memory condition is denoted by exces- 
sive charge and/or leakage current when a significantly higher than 
normal operating voltage is applied. For example, if an electrolytic 
capacitor (typically an aluminum foil) is stressed by a voltage of only 
10% or so of its rated value for an extended period of time and then 
rated voltage is applied, the capacitor will exhibit abnormally high 
charge and leakage currents until either the capacitor has reformed to the 
higher voltage or it catastrophically destroys itself. Becuase of this 
high charge and/or leakage current characteristic, capacitor charge current 

versus time was selected as the best evaluation parameter. 
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Figure 4.1 illustrates the setup used in making the memory test 
measurements. The power supply output voltage was set at 60 VDC with the 
aid of the digital voltmeter. Switch S-l was kept open while the capacitor- 
under-test (CUT) was connected to the terminals of the test fixture. A 
stripchart recorder was connected across the 1000 ohm shunt resistor. 

Switch S-l was then closed and the CUT charge current was recorded on the 
stripchart recorder. 

Figure 4.2 shows the minimum and maximum charge currents of all 
the 25 capacitors tested. All test specimens yielded the standard RC 
charge curve. No excessive charge or leakage currents or Other anomalies 
were observed. 

It is concluded that once a wet slug tantalum capacitor is "formed" 

(at a given voltage during the manufacturing process), the subsequent 
application of voltage well below its rated value for an extended period 
of time has no effect on its operational characteristics. 

5.0 CONCLUSION AND RECOMMENDATIONS 

The test program was invaluable in establishing a better under- 
standing of wet slug tantalum and wet foil capacitors. Because the 
ripple test accurately duplicated real life conditions, Viking Project 
Management has a greater confidence that wet slug tantalum capacitors 
are being properly applied in the Viking Program and that their reliability 
is acceptable. 

As a result of this test program, it is concluded that: 

1. Wet slug tantalum capacitors are being properly applied in the 
Viking Lander; 


29 











o 




o o o 

VO in 


o o 

CO CN 


(sduiBfXITK) 2,N3HHnO 30HVHD 


o 


31 


FIG 4.2 MEMORY TEST RESULTS 


2 


. Viking ripple current levels, frequencies, and waveforms, 
have no significant effect on either wet slug tantalum or 
wet foil capacitors. 

3. Wet foil capacitors are being properly applied in the Viking 
Lander and are acceptable alternates to wet slug tantalum 
capacitors in terms of electrical performance. 

4. Wet slug tantalum capacitors do not exhibit a memory effect 
and can therefore be used in much lower than rated voltage 
applications without degradation. 

It is recommended that the re -qualification of the double -crimp 
wet slug tantalum capacitor be pursued through its completion. 
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NASA-Langley, 1974 
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